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Left ventricular function at rest and during supine bi-
cycle exercise was assessed by gated radionuclide angi-
ography in 20 diabetic patients and 18 normal control
SUbjects without clinical evidence of heart disease. The
diabetic patients were aged 21 to 44 years and all except
one used insulin. No subject developed chest pain or
electrocardiographic changesduring exercise.Bothgroups
had a similar rest and exercise heart rate and blood
pressure, and both achieved similar work loads.
The control group had an ejection fraction at rest of
65.4 ± 6.2% (mean ± SD) and only 1 of 18 showed a
decrease with exercise; peak exercise ejection fraction
averaged 77.1 ± 7.8%. The diabetic group had a mean
ejection fraction at rest of 63.7 ± 6.5%, similar to that
of the control group, but 7 of 20 showed a decrease
Diabetes mellitus is known to accelerate coronary athero-
sclerosis (I), but evidence has accumulated for the existence
of myocardial dysfunction in diabetic patients beyond that
attributable to coronary artery obstruction, The Framingham
study (2) showed an increased risk for congestive heart
failure in diabetic patients in the absence of clinical coronary
artery disease or rheumatic heart disease . A population of
patients with idiopathic dilated cardiomyopathy is likely to
include an increased proportion of diabetic patients (3).
Subclinical impairment of left ventricular function in asymp-
tomatic diabetic patients has been suggested by evidence
from echocardiography (4-7), systolic time intervals (8,9)
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during exercise; the exercise ejection fraction averaged
67.7 ± 9.7 %, significantly lower than that of the control
group (p < 0.01). The diabetic patients varied widely in
ejection fraction response to exercise, ranging from an
increase of 2S% to a decrease of 21%. This response did
not correlate with age, sex, duration of diabetes, smok-
ing, retinopathy, exercise heart rate, blood pressure or
rate-pressure product, work load attained or ejection
fraction at rest.
These data suggest that approximately one-third of
patients with diabetes have subclinical left ventricular
dysfunction without correlation to risk factors for ath-
erosclerosis or other diabetic complications. Whether
this is due to unrecognized coronary artery disease or
primary myocardial disease remains unknown.
and cardiac catheterization (10) . Both left ventricular biopsy
and autopsy examination have shown myocardial abnor-
malities in diabetic patients in the absence of obstructive
coronary disease (10). The presence of microscopic vascular
abnormalities in the ventricle and other organs of patients
with diabetes has raised the question of ischemia not due
to large vessel atherosclerosis; however, the small number
of coronary sinus flow studies reported has not provided
evidence of such ischemia in human beings (10) or animals
(ll ).
A definitive study to clarify the relation between coronary
atherosclerosis , intrinsic myocardial disease, microscopic
vascular obstruction and noninvasive functional tests would
have to include coronary arteriography, myocardial biopsy
and coronary sinus studies with pacing. Because such pro-
cedures would be difficult to justify in asymptomatic sub-
jects, reliance must be placed on noninvasive assessment,
risk factor analysis and clinical follow-up examinations.
Radionuclide angiography during exercise may detect both
ischemic and nonischemic left ventricular abnormalities not
evident at rest. A decrease in left ventricular ejection fraction
during exercise is a sensitive index of obstructive coronary
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disease ( 12), but may also indicate subclinical intrinsic myo-
cardial disease as has been shown in conditions such as
early adriamycin toxicity (13), radiation cardiomyopathy
(14) and iron overload (15).
Previous attempts have been made to detect subclinical
left ventricular dysfunction in diabetic patients by other
techniques . Sanderson et al. (4) found abnormalities of mi-
tral valve motion by M-mode echocardiography in l4 of 23
young diabetic patients , similar to patterns described in
congestive heart failure. Shapiro et al. (5-7) found echo-
cardiographic abnormalities of both systolic and diastolic
ventricular function in diabetic patients without clinical heart
disease in proportion to duration of diabetes and presence
of microvascular complications . Seneviratne et al, (8) mea-
sured systolic time intervals in 14 diabetic patients with
microangiopathy and found in all an abnormally high ratio
of pre-ejection period to left ventricular ejection time, in
contrast to a normal ratio in l4 other diabetic patients with-
out microangiopathy. This ratio was also increased in 25
diabetic patients studied by Ahmed et al. (9), being in be-
tween normal values and those characteristic of congestive
heart failure. In our study, we used exercise radionuclide
angiography to further characterize left ventricular function
in asymptomatic diabetic patients.
Methods
Study patients . Volunteers for exercise testing were
sought among young diabetic patients attending a diabetic
clinic . Table I summarizes the clinical characteristics of the
study group and Table 2 shows the test results. All patients
were free of evidence of heart disease based on history,
physical examination, electrocard iogram at rest and chest
X-ray film. Patient 12 took glyburide, but all the others used
insulin. One patient (Patient l5) had abnormal serum lipids
with 329 mg/dl cholesterol and 154 mg/dl triglycerides .
Patient 7 had peripheral and autonomic neuropathy.
Characteristics of the volunteer control group are shown
in Table 3 . Three men and two women were smokers. None
of the control subjects had evidence of heart disease based
on history, physical examination, electrocardiogram at rest
and chest X-ray film.
Exercise studies and radionuclide angiography.
Gated radionuclide angiography was performed as previ-
ously described (14). After written informed consent was
obtained, patients were positioned on a supine exercise table
equipped with a Quinton 845 bicycle ergometer. Heart rate
at rest, blood pressure and 12 lead electrocardiogram were
obtained, and each subject received 25 mg of stannous py-
rophosphate intravenously, followed by 25 mCi of tech-
netium-99m for in vivo labeling of red blood cells. Imaging
was performed with a portable scintillation camera (Ohio
Nuclear SIGMA series 420) with a general purpose colli-
Table 1. Clinical Data: Diabetic Patients
Age (yr) Duration of Cigarette
Case &Sex Diabetes (yr) Smoker
1 35M 27 Yes
2 22F 18 No
3 30F 5 No
4 31M 6 No
5 44M 9 No
6 28F II No
7 35M 26 No
8 34F 8 No
9 25F 3 Yes
10 30F 16 No
II 28M 12 Yes
12 29M 7 Yes
13 24M 2 No
14 31F 23 Yes
15 35M 7 No
16 25F 21 Yes
17 22F 12 Yes
18 24F II No
19 29M 12 No
20 21M 12 Yes
Mean 29.1 12.4
:t SD 5.6 7.3
F = female; M = male.
mator and an Ohio Nuclear gating device. Data collection,
storage and manipulation were performed by a Digital
Equipment Corporation 11/40 computer. Counts were col-
lected in histogram mode in a 64 x 64 element matrix from
300 cardiac cycles.
Exercise was performed in stages of 3 minutes, with work
load increasing by 300 kp-mlmin per stage. Lead II of the
electrocardiogram was monitored. During exercise, imaging
was performed only during the last 2 minutes of each stage
to allow for stabilization of the heart rate and blood pressure.
Spatial filtering of rest and peak exercise images was per-
formed with a 9 point smoothing routine. The left ventricular
end-diastolic and end-systolic silhouettes were manually
outlined in the left anterior oblique view by an experienced
operator, with background subtraction and ejection fraction
calculated as previously described (14).
Data analysis was performed using the Statistical Anal-
ysis System NPARIWAY package (SAS Institute Inc.) .
Results
Exercise test results . Tables 2 and 3 summarize the
exercise test results and calculated ejection fractions. There
was no difference between the diabetic and control groups
with respect to heart rate at rest or blood pressure and no
subject was hypertensive at rest. Duration of exercise was
limited by leg fatigue in all subjects. Thus, target heart rate,
defined as 85% of the age-predicted maximum, was at-
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Table 2. Test Results: Diabetic Pat ient s
Rest Maximal Exercise Ejection Fraction (%)
HR BP Work HR BP
Case (beats/min) (mm Hg) (kp-rn/kg) (beats/min) (mm Hg) Rest Peak Change
65 130 10,7 150 210 70 70 0
2 88 110 20.0 150 140 64 73 9
3 75 110 12,1 150 210 53 56 3
4 72 120 11.9 170 185 68 61 - 7
5 88 130 15.1 155 160 69 63 -6
6 56 130 19.4 150 170 57 61 4
7 100 140 11.0 110 180 60 70 10
8 72 130 20,0 150 210 60 63 3
9 85 105 12,0 170 175 50 75 25
10 80 140 8,1 135 180 66 57 -9
II 58 110 20.0 140 180 59 78 19
12 80 140 12.7 150 220 64 63 -I
13 80 120 20.4 170 170 64 72 8
14 65 130 6.3 115 180 71 70 - I
15 72 110 15.6 150 180 56 58 2
16 72 100 5.0 180 160 69 48 -21
17 86 105 9.0 128 140 69 86 17
18 65 110 8.3 120 170 70 68 - 2
19 62 110 22.0 150 190 74 80 6
20 78 170 13,6 170 240 61 82 21
Mean 122.5 13.7 148.2 182.5 63.7 67,7* 4.0t
:!: SD 17.1 5.2 19.2 25.4 6.5 9.7 11.1
*p < 0.01 compared with control SUbjects. t p < 0.05 compared with control subjects. BP = systolic pressure; HR ;: heart rate; Work ;: work
load.
tained by only 5 of the 20 diabeti c patients and 6 of the 18
control subjects, characteristic of the limitation of supine
bicycle exerci se by leg fatigue in untrained subjects. Most
subjects experienced some dyspnea, but none had chest pain
or electrocardiographic changes. Both groups attained sim-
ilar work loads, peak heart rates and blood pressures and
rate-pressure products. The diabetic patient with autonomic
neuropathy (Patient 7) showed an increase in heart rate of
only 10 beats/min during exerc ise , but had a normal blood
pressure response and his work load achieved was about
midrange for the diabetic group ; his ejection fraction re-
sponse was normal.
Ejection fraction. No regional wall motion abnormal-
ities were seen in any of the rest or exercise studies in either
group . All subjects showed a left ventricular ejection frac-
tion at rest of 50% or more, and the mean values were
similar in the two group s. The control group showed an
average ejection fraction at rest of 65.4 ::!: 6.2% (mean ::!:
SD), and 17 of the 18 control subjects showed no change
or an increase with exercise. The average ejection fraction
at peak exercise was 77.1 ::!: 7 .8%, and the average increase
with exercise was 11.7 ± 7.3%. In the diabetic group ,
ejection fraction at rest averaged 63.7 ::!: 6.5 %, which was
not significantly different from that in the control group.
However, during exercise 7 of the 20 diabetic patients showed
an increase in ejection fraction, and as a group they showed
an average value at peak exercise of 67 .6 ± 9.7% , which
was significantly lower than that of the control group (p <
0.01).
The extreme variability in response to exercise among
the diabetic patients is shown in Figure 1. The ejection
fraction response ranged from an increase of 25% to a de-
crease of 21%. The most extreme decrease was seen in
Patient 16, a 25 year old cigarette-smoking, insulin-using
diabetic of 21 years' duration . She attained a work load of
only 5 kp-m/kg with heart rate increasing to 180 beats/min
and systolic blood pressure increasing to 160 mm Hg. Re-
lations between various patient characteristics and exercise
test outcomes can be seen in Tables 1 and 2. Statistical
correlation between ejection fract ion response to exercise
in the diabetic group and various clinical variables was
explored using Pearson product-moment correlation coef-
ficients for continuous variables and the Wilcoxon rank sum
test for two-level variables . No correlation was found with
age, sex, duration of diabete s, smoking history , presence
of retinopathy, rest or exercise heart rate or blood pressure
or rate-pressure product , ejection fraction at rest or work
load attained . Therefore, these data do not suggest any re-
lation between left ventricular dysfunction and risk factors
for atherosclerosis or other diabetic complications.
If a normal response to exercise was defined as no change
or some increase in ejection fraction, then 7 of 19 diabetic
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Table 3. fest Results: Control Subjects
Rest Maximal Exercise Ejection Fraction (%)
---
Age (yr) BP Work HR BP
Case & Sex (mmHg) (kp-m/kg) (beats/min) (mmHg) Rest Peak Change
I 24M 120 12.1 145 200 73 86 13
2 30M 140 13.5 140 240 66 78 12
3 30F 110 15.0 165 200 64 78 14
4 34M 120 13,5 150 210 68 68 0
5 27M 140 12.3 160 230 68 81 13
6 29M 120 15.3 175 230 68 81 13
7 30M 140 15.6 185 220 75 77 2
8 30M 120 13.4 150 180 57 80 23
9 27M 120 8.8 117 140 62 66 4
10 22F 100 9,2 121 130 70 84 6
11 30M 120 12,5 163 180 55 78 23
12 25M 120 13.5 166 210 67 65 -2
13 24F 100 14.7 170 160 70 92 22
14 25M 130 14.1 170 200 64 81 17
15 26M 110 13.1 145 150 58 68 10
16 26M 110 13,7 170 210 70 83 13
17 34M 160 15, I 165 220 69 77 8
18 26F 120 8.8 121 140 53 65 12
Mean 27,7 122,2 13.0 154.3 19L7 65.4 77.1 11.7
± SD 3.4 15.2 2.1 19,7 34,5 6,2 7,8 7.3
Abbreviations as in Table 2.
Figure l. The left ventricular ejection fractions at rest and during
exercise (EX) are shown for both groups. The rest values are not
significantly different for the two groups, but the exercise values
are lower for the diabetic group (p < 0.01). The bars show mean
and standard deviation.
patients and 1 of 18 control subjects would be judged ab-
normal. If the normal response was considered as a 5% or
greater increase during exercise, then 10 of 19 diabetic
patients and 3 of 18 control subjects would be considered
abnormal. In keeping with the presumed low probability of
eithersignificant coronary disease or myocardial disease in
the control group, we would consider an ejection fraction
unchanged with exercise to represent a normal response and,
therefore, would consider nearly one-third of the diabetic
patients as having evidence of subclinical left ventricular
dysfunction.
Discussion
Etiology of left ventricular dysfunction in diabetes.
These results support previous reports (4-10) of subclinical
left ventricular dysfunction in diabetic patients detected by
other approaches. As others have postulated, the abnor-
malities demonstrated here may be due to coronary artery
disease, myocardial disease or small vessel obstruction (al-
though functional ischemia due to the small vessel changes
seen histologically in the myocardium of diabetic patients
has yet to be demonstrated). We cannot comment on the
possibility that varying glucose or insulin levels could have
affected contractility because we did not have these data
available. In contrast to other reports (7,8), we did not find
a correlation between ventricular abnormalities and duration
of diabetes or retinopathy. It may be that radionuclide an-
giography detects a different subset of left ventricular dys-
function from other noninvasive techniques.
Any correlation with diabetic complications would not
be likely to distinguish between coronary disease and dia-
betic cardiomyopathy. Estimation of the contribution of
coronary artery disease is hampered by a lack of knowledge
concerning the prevalence of significant coronary disease in
the group of young, relatively uncomplicated diabetic pa-
tients without clinical cardiac abnormalities. Screening suchEXREST
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a group by coronary angiography might be difficult to jus-
tify. The probability that an abnormal exercise radionuclide
angiogram is caused by coronary artery disease depends on
the prevalence or pretest likelihood of coronary disease in
the group tested (16). However, probabilities quoted in
Bayesian analysis of pre- and post-test likelihood of coro-
nary artery disease are derived from patient groups with a
low incidence of intrinsic myocardial disease.
Role of coronary artery disease. The probability that
an abnormal study represents either coronary artery disease
or myocardial disease in a diabetic patient would depend
on the relative prevalence of these two conditions in the
group tested. Weinrauch et al. (17) reported the results of
cardiac catheterization in 21 insulin-dependent diabetic pa-
tients with renal failure being evaluated for transplantation.
Ten (aged 22 to 41 years, mean 29.3) had no significant
coronary disease or left ventricular dysfunction. Nine (aged
27 to 48 years, mean 38.7) had significant coronary disease,
and seven had focal left ventricular abnormalities. Two other
patients had no significant coronary disease, but had global
left ventricular impairment. These 21 patients might be ex-
pected to have more cardiac complications than our group;
8 were on dialysis, all had interstitial pulmonary edema and
1 had angina.
Abenavo1i et al. (18) used treadmill exercise tests to
screen 16 diabetic men (aged 32 to 60 years, mean 48.7)
with no clinical evidence of coronary disease. Two showed
abnormal stress electrocardiograms, and of 12 patients
undergoing thallium scans, 5 showed perfusion defects. This
suggests a high probability of coronary disease in about half
the subjects; however, the effect of possible myocardial
abnormalities on the thallium scan is not clear. This group
was older than our study patients, but it had a mean duration
of diabetes of only 7.8 years compared with 12.6 years in
our group. Thus, two diabetic groups who were probably
at higher risk than ours for coronary disease showed prob-
able prevalences of about 50%. The prevalence of significant
coronary artery disease in our diabetic group is likely to be
lower, but cannot be ruled out as a possible cause of a
significant proportion of the abnormal responses.
Implications. A combination of thallium stress testing
and exercise radionuclide angiography might help to esti-
mate the contribution of coronary disease to left ventricular
dysfunction in the diabetic patient. However, the effect of
the known histologic myocardial abnormalities in patients
with diabetes on thallium scans is not known. Abnormalities
in tests such as these in asymptomatic diabetic patients may
be prognostically important, and follow-up of such groups
for the appearance of clinical cardiac abnormalities would
be valuable.
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